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meywoles: tional coded systems over wired channels. In addition, the per- 
formance of the systems under consideration is further investi- 
Ghenimedet gated in the presence of impulsive noise (IN) with IN cancellation 


technique. Matlab simulations are utilized to simulate these sys- 
tems for different quadrature amplitude modulations (QAM). The 
results have shown that LDPC coded system with large block 
length have outperforms the performance of the considered cod- 
ing techniques. 
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1. Introduction 

Digital subscriber line (DSL) is a technology for transmitting and receiving the data over 
copper wire lines. Due to the expensive cost of replacing the infrastructure of the twisted pair 
copper wire, DSL has been evolved over the years to support the requirements of very high bit rate 
transmission over these lines. The G.fast is a standardization for DSL technology that supports 
up to 106 MHz broad spectrum which is expected to be expanded to 212 MHz [1]. In addition, 
discrete multitone (DMT) transmission converts the transmitted data into a low rate multi-carrier 
sequence, which makes it more convenient and efficient in the data transmission [2]. 

Channel coding has been used widely to improve the transmission reliability and to en- 
hance the bite error rate (BER) performance [3-5]. In [6], turbo coded ADSL-DMT system with 
64 quadrature amplitude modulation (QAM) is proposed to improve the system performance. The 
performance has been compared to the trellis coded modulation (TCM) to show the improvement 
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Figure 1. System model for the copper line wired system 


in the coding gain. In [7], a differential evolution algorithm aided turbo channel estimation (DEA- 
CE) has been proposed for the G.fast systems to achieve near Shannon capacity limit with a 
reduced complexity. In addition, the performance of G.fast coded copper wire channel has been 
taken into consideration in [8] in the presence of impulsive noise (IN), in which, the coded system 
has been designed as a cascaded trellis code as an outer code with non binary Reed-Solomon 
(RS) code as an internal code. 

Low-density parity-check (LDPC) coding has been used in [9] as an inner code for DSL 
system with DMT modulation, while the outer code was selected as RS code with Galois field 
GF(2°). The code-word length was selected between 529 and 4489 bits with multiple M-QAM 
scheme, while the IN effect on the performance has not been considered. An algorithm to cal- 
culate the IN statistics has been proposed in [10] to calculate an accurate log-likelihood ratios 
(LLRs) for the LDPC coded DSL system. DMT modulation has been used in this paper with a 
precoding technique and the results have been verified utilizing the EXIT chart. On the other 
hand, a generator matrix with low density has been proposed in [11] which is more convenient in 
the video transmitting and receiving. In addition, a further extension to the proposed matrix has 
been demonstrated based on rearranging the matrix columns which result in a better immunity to 
the burst errors. 

Several techniques to mitigate the IN have been taken into consideration including clip- 
ping and blanking. In [12], an IN mitigation technique has been proposed to remove the effect of 
the IN model of the English and German wired systems. A comparison of different IN mitigation 
techniques have also been provided to show the validity of the proposed technique. 

In order to enable the DSL systems to support wide spectrum and support high quality 
video streaming, a powerful channel coding is required that improves the BER performance and 
increase the transmission reliability. LDPC coding with digital video broadcasting-satellite-second 
generation (DVB-S2) is an LDPC standard with 64800 bits code-word with irregular encoding 
and decoding procedure has near Shannon limit compared to other channel coding techniques 
[13,14]. 

Therefore, the contribution of this paper is to investigate the performance of LDPC coded 
copper wire with DVB-S2 standard and comparing the system performance to other channel cod- 
ing techniques such as turbo coding and convolutional coding with different M-QAM schemes. 
The performance of the techniques under consideration is investigated over G.fast system appli- 
cations with DMT transmission and Middleton class A model for IN representation. Finally, the IN 
effect is mitigated from the received signal utilizing clipping technique. 

This paper is organized as follows, in Section 2. the system model is presented in details, 
including the channel model of the wired system, Middleton class A distribution as IN model, the 
LLR equations are presented as part of computing the soft decoding for the received coded signal, 
and the sum-product algorithm (SPA) for LDPC decoder with DVB-S2 standard. The simulation 
and results are discussed in Section 3. While the conclusions are drawn in Section 4. 


On the Performance of Coded Copper Wire (Ali J. Al-Askery) 


1274 ISSN: 2502-4752 


2. System Model 
This paper considers the G.fast system model that is illustrated in Figure 1. The binary 
data B is first generated and encoded with the relevant channel encoder to generate the code- 
word C. Then the code-word is modulated with M-QAM and DMT modulator to produce the 
transmitted data D that travels over the copper line wire that is represented as Chen model [15]. 
At the receiver, the additive white Gaussian noise (AWGN) and the IN is added to the received 
signal such that 
Y=H-D+N+4I, (1) 


where, Y ¢ C!** and D € C!** are the received and transmitted vectors with K as the length 
of the transmitted signal. H ¢ C!** and N € C!** are the channel and the noise parame- 
ter vectors, respectively, and I ¢ C!** is the IN vector. The received signal is equalized with 
minimum-mean squared-error (MMSE) detector such that, 


Winmse = H*/(|H?| + o*/Es) (2) 


where H* is the complex conjugate of the vector H, and E, is the symbol energy. 2 

Following signal equalization, IN compensation, and DMT demodulation, the signal Q 
is utilized to calculate the log-likelinood ratio (LLR) for the soft decoding of the selected forward 
error correcting code (FECC). Finally, the decoded signal B is compared to the binary generated 
sequence at the transmitter to calculate the BER. It is worth mention that the channel is assumed 
to be known at the receiver. 


2.1. Channel Model 

As mentioned before, the channel model of this paper is based on Chen model to rep- 
resent the copper wire model, which is suitable for up to 200 MHz frequency range [16]. The 
attenuation constant a and the phase constant @ are calculated with Chen model constants ky, 
kz, and ks, and for the frequency f as 


a(f) = kis/f + kof, 
Bf) = ksf. (3) 
The channel parameters can be written using (3) and the cable length L for a specific frequency 


as 
Hae th), (4) 


where, the propagation constant +(f) = a(f) + 78(f) and L is measured in meter. 
2.2. Impulsive Noise Model 
Middleton class A distribution [17,18] is used in this paper to simulate the IN of the copper 
wire line communication. The probability density function (PDF) of this model can be written as 
Se AY see) 


pla) = Ms vo V2m02 (5) 


v=0 





where the impulsive index is A, and the smallest value of A will result in a very high peak, while 
the distribution approaches Gaussian distribution when A is very high. The noise power can 
be calculated as o? = o2, + o7, where o% and o7 are the variance of the AWGN and the IN, 
respectively. The variance o2 can be calculated as, 


447 
2 2[ A 
= 6 
a= 0( 477), (6) 
and [' = o2,/07. Zhidkov compensation algorithm is used in this paper to remove the IN effect as 
shown in [8]. 
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Figure 2. Constellation map of the 16-QAM scheme. 


2.3. LLR Calculations 

The LLRs for the system under consideration can be calculated based on the QAM con- 
stellation index such that [14, 19], 
2.3.1. 4-QAM Scheme 


The LLR of this constellation can be calculated as, 


ie=ta ( P(N|pr=1) ) 








P(N|pr=-1) 
5 eh p(N|pe=1) 
a (Fr): - 


where Lo, £1 are the LLR of the two bits Bo, Bi, respectively, and p(N) represents the PDF of 
the AWGN. The superscripts J and Q are to indicate the in-phase and the quadrature parts of the 
signal. 
2.3.2. 16-QAM Scheme 

The LLR of the 16-QAM constellation presented in Figure 2 can be calculated using, 


i = min (1m (2 aia) Gwe) 
—_ (yee). 


ak pe . 
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where Lo, £1, L2, L3 are the LLR of the 4 bits Bo, B,, Bo.B3, respectively. 
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Figure 3. Simulation results at 4-QAM scheme for the turbo coded, convolutional coded and LDPC 
coded systems. 


2.4. LDPC Codes 

LDPC code with DVB-S2 standard and 1/2 rate has a block length of N = 64800 bits 
with binary data block of & = 32400 bits. In addition, irregular LDPC codes has an improved 
performance compared to regular codes in which, the BER performance approaches the Shannon 
capacity limit closely [20,21]. The implementation of the LDPC decoder in this work is based on 
the efficient sum-product algorithm (SPA) that have been proposed in [22]. 

First, the initialization to the symbol node is the LLR equations that have been calculated 
in Equations (7) and (8) such that, 


LGn—+m) = Ly (9) 
Next, the check to node update for each m and for n € \’(m) is performed using, 
1 
LG p_sp,) = tanh” * ( II tanh (5 £(0n'-»m)). (10) 
n'EN(m) n 


The third step involves updating the node to check for n and for m € M(n) utilizing, 
m'EM(n) m 
Then, the decision on the decoded bits can be made by calculating the following equation, 
L(ur)=Le+ >> L(tmisn); (12) 
m'EM(n) 


such that u, = 0 for L(u,) > 0 and u, = 1 otherwise. These steps will be repeated several times 
until the condition Ha = 0 is achieved or the maximum number of iterations is reached. 
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Figure 4. Simulation results at 16-QAM scheme for the turbo coded, convolutional coded and 
LDPC coded systems. 


3. Simulation and Results 


This section is used to illustrate and discuss the results obtained from the simulations 
of the wired copper system. The channel length was selected such that £ = 100 m, which is 
substituted in (4). Two QAM schemes have been used in this simulation which are 4-QAM and 
16-QAM, respectively. MMSE detector have been used to equalize the received signal to remove 
the effect of the channel. The turbo decoder was log — MAP type with 1/2 rate and randomly 
interleaved with block length 4096 bit. The elRA LDPC decoder with rate 1/2 has a length of 
64800 bits. 


In Figure 3, LDPC coded system with 4-QAM modulation outperforms the performance 
of both convolutional coded and turbo coded systems at low signal to noise ratio (SNR). It is 
observed that there is an improvement of 2.5 dB in the performance compared to the turbo coded 
system at 10-+ BER, while the improvement was almost 5 dB compared to the convolutional 
coded system. 


In Figure 4, it is observed that the performance of the LDPC coded system have better 
performance compared to the convolutional coded and the turbo coded systems. The improve- 
ment in the BER was 2 dB compared to the turbo coded while it was 4 db with respect to the 
convolutional coded system at 10-4 of BER. 


In Figures 5 and 6, the effect of the IN on the performance of the coded systems can be 
observed such that a degradation in the BER performance of almost 10 dB is achieved for the 
LDPC coded system at 4-QAM and 16-QAM schemes. However, the BER degradation was 13 
dB for the turbo coded and convolutional coded systems. The IN compensation system have im- 
proved the performance of the LDPC and turbo coded systems with 4-QAM scheme by 6 cB while 
the improvement was 8 dB for the convolutional coded system. However, at 16-QAM scheme, the 
improvement for all the coded systems was 4 dB. 
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Figure 5. Simulation results at 4-QAM scheme for the turbo coded, convolutional coded and LDPC 
coded systems in the presence of IN. 
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Figure 6. Simulation results at 16-QAM scheme for the turbo coded, convolutional coded and 
LDPC coded systems in the presence of IN. 
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4. Conclusion 

In conclusion, the performance of coded wired line systems have been examined with 
three channel coding techniques and two modulation indexes. The results have shown that LDPC 
coded systems outperforms the other coding techniques and especially at high SNR values. It is 
also observed that the water fall for both iterative codes are very steep, while the convolutional 
coded system has smooth performance curve over the SNR range due to their superior ability to 
detect and correct the errors. The BER degradation resulting from including the IN have been 
examined with Zhidkov compensation algorithm as an IN mitigation technique. As a result, the 
performance of the coded systems have degraded by almost 6 dB even after removing the effect 
of the IN. However, the performance of LDPC coded systems remains on the lead compared to 
the considered coding techniques. 
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